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Section 1.0

‘ | Summary

|
n analysis of the technical and economic status of the biomass-to-ethanol process was conducted for
the Ethanol Program of the U.S. Department of Energy’s (DOE) Biofuels System Division. The purpose
was to redesign and update the process technology since the last time an analysis was performed (Wright
1988). Since that time, the process and economic parameters have been changed and redefined,
significantly changing and improving the techoology. The primary obiective of this work was to establish
goals and direction for future research for the production of ethanol from lignocellulosic biomass.

An economic analysis is performed on a fuel ethanol (90% ethanol, 5% water, and 5% gasoline) plant
producing approximately 58 MM gal/yr. The feedstock to the plant is assumed to be whole-wood tree
chips{ delivered to the site for $42/dry ton. The chips are stored in piles and then delivered on a first-in,
Tadvth 'VESK ‘0 w Uk i o milling ' LOmm @ VOmm paiidrs. The milled paicdrs ur
pretreated with dilute acid at 160°C for 10 min. After flash cooling, the slurry is neutralized with lime
and a small side stream is pumped to the cellulase production fermenters, while the rest of the stream is
pumged to the xylose fermenters. Xylose fermentation is performed by a genetically engineered
Escherichia coli continuously in a series of fermenters. Cellulase is produced by Trichoderma reesei in
three batch fermenters. The cellulase is combined with the stream out of the last xylose fermenter, yeast
inocghlum is added, and simultaneous saccharification and fermentation (SSF) is performed continuously
in another series of fermenters. The dilute beer stream from the last SSF fermenter is sent to ethanol
purification for concentration of the ethanol to 95 wt %. Then, 5% gasoline is added to denature the fuel.
The Stream from the bottom of the beer column is sent to centrifugation to remove the solids, which are
then i)umed in a boiler to produce steam and electricity for the plant. A fraction of the liquid stream from
centrifugation is recycled back to the process, while the rest of the stream is sent to a wastewater treatment

' system.

Based on the equipment list generated from the process flow diagrams, the total capital cost for this
plant in first-quarter 1990 dollars is $141.24 MM. The annual capital charge rate is 20%, giving a capital
charge of 48.3¢/gal. The variable operating cost (chemicals and feedstock) is 60.1¢/gal and the fixed
operating cost (labor, taxes, and insurance) is 19.8¢/gal, giving a gross cost of production of 79.8¢/gal.
When by-product credits (electricity) are included, the net cost of production is 73.4¢/gal. The total cost
of production for the denatured fuel is 121.7¢/gal.

To assign priority to research issues, a sensitivity analysis was performed on major process variables
and assampiing, - The asals fHir same oF dhe mraior tshata! paamatars dhat heve 2 sigaificant Amnaat
on etbanol cost are shown in Figure 1-1. This sensitivity analysis varied only one parameter while holding
the other parameters at their basc case values. The bars show the percent deviation of ethanol cost from
the base case value of 121.7¢/gal, when the indicated changes are made from the base case values shown
on the bottom of the figurc. Particularly evident is the effect of nutrient requirements and SSF ethanol
yield on the cost of ethanol. Figure 1-2 shows the impact of some issues that are not directly related to
conversion technology, such as plant size and feedstock cost. Again, all these variables have a major
impact on the cost of ethanol ranging from 5% to 15% or 6¢ to 18¢/gal of ethanol. When the effects of
multiple process improvement are considered, the cost of ethanol drops to 66.5¢/gal.

Based on the results of the sensitivity analysis, future work should focus on strengthening
understanding of the base case process, developing and improving the technology for biomass conversion,
and cantinuvally analvzine and yndatine the process design. Understanding the hase case nrocess will
it HIUre i fowm Teiv s, Ao inlagaiit eerwndh, vl aating, sdveniitadl wah e
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Figure 1-1. Percent change in ethanol cost caused by deviations of major technical parameters
from their base case values

Materials of  pjant size Onstream time ~ Wood cost ~ Wood composition  |g
construction 5
20 — >
=
‘g’ -
Q $55/dry ton
S Stainless T
[ Lo '.“A
c 10 .
2 : _
7
R=
S
c
g 0
=
(3]
<
Q
O oo
o 4o 0% increase
o = 10,000 ton/day
Base case
- values:
Carbon steel 1,920 ton/day 91.3% $42/dry ton 70.2%
-20 ! l L 1 |

Figure 1-2. Percentchange in ethanol cost caused by deviations of major process parameters from
their base case values

SERI Proprietary Information )
NDa Not Conv




ngineering companies, and in-house pilot plant operations. The purpose of the integration research effort
s to verify mp ﬁerfoﬁnance of a fully chemically integrated system, which means testing the performance
f pretreated feedstock and hydrolyzate from prehydrolysis through the back end of the plant as specified
n the currenlt proce‘s“; diagrams. Other issues should also be addressed, such as nutrient requirements,
ecdcultures, materla] balance closure, and process water recycle. Vendor testing is required to verify
peration anq nerformanu: data on equipment specified in the current process design. Equipment to be
ested includes: nnllﬂ, prehydrolysis and impregnation reactors, slurry pumps, large fermentation processes,
istillation cbldxmns, lignin separation equipment, and boilers. Subcontracted work to engineering
ompanies should examine such issues as materials of construction and waste treatment design. Pilot plant
aneration is .neguumd 10 verifv the performance of the integrated process on a larger scale and to obtain
*nformatlon on\proceSs reliability and scale-up data for design of larger plants.
i ‘ ‘
L A]thougn the pﬁi?mary goal of the above work is to verify the current technology, work must also
yﬁgwwmm o‘mﬁg‘ dhe daainabyy: Spadifile ates & camsistar ae dmpreving athanal yialds, dacraasing
ermentation ra ra tes, 1r1¢reasmg solids concentrations, eliminating or reducing seed fermentation and cellulase
roduction requxremé‘ms via recycie tecnnotogy, andl mproving redcior Tesighs i etimuioges. Brrdust
Ff the above tasks, mrlodlc process analysis must also continue as new information is available in order
0 monitor rese‘arch progress and identify areas for further research.
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